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SUMMARY

This report covers the Contractor’ s progress for the period
15 September through 15 December 1953 in the design, development, cone
struotion and operation of the RTIVeN=12a Viking rooket for the Naval
Research Laboratory under Contract Nb=onr-171.

During this period an amendment to Contraot N6-onr-171 was re-
ceived, authoriezing the repair of Viking No. 10, This is the roocket
thet had sustained extensive demage in its tail section as the result
of a thrust oylinder explosioh and fire that coowrred during an at-
tempted firing on 30 June 1953,

All items of work dbeing accomplished under the aforementioned
amendment are progressing setisfactorily and current manufacturing

schedules indiocate the rocket will be reedy for delivery during the
next report period.

On 1 November 1953 a contract was let to Reaction Motors, Inc. for
the repair of the Viking 10 powsrplant. A second ocontract oovering RMI
field service repregentation is ourrently being negotiated.

In addition to the effort being expended on the repair of Viking
No. 10, which is the laat flight article to be delivered under Navy
Contract N6-onr-171, design and manufscture of four additional rockets
(1dentified as Vikings 11-14) is ocurrently being conducted wunder Navy
Contract Nonr-847(00) for the Naval Research Laboratory.
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I, DESIGN AND MANUFACTURE

A. DBESIGN

During this report period all of the engineering ochanges neocessary
to acoomplish the repair of Viking 10, which was damaged during flight
operations at WSPG (GLM ER 6001), were drawn and released to the Manu-
feoturing Division.

These changes, which are considered desireble rrom the standpoint
of building an improved rocket, inolude:

1)
2)

3)
L)

5)
6)

7

8)

9)

10)

Alochol Tank - Install wave guide (instrumentation).

Lox Tank =« Install permanent door in SW side where special NRL
equipment was previously installed,

Tail Section = To be of the Viking 11 design.

Instrumsntation =« Instrumentation to be revised per NRL Instru-
mentation letter for the rebuilt roclket,

Hydraulic System = Revised to Viking 11 system.
Peroxide System = Revised to Viking 11 system.

Controls Components = Will be Viking 11 gystem as modified to
utilize components salvaged from No. 10,

Electrical System - Revised to be compatiocle with the systems
installed in the rooket. It will be essentially the No. 1l
system with changes as required to use the reworked No. 10
oomponents and as required by the NRL Instrumentation letter.

Fins - Revised fin blooks in the NW and SE fins in accordance
with Viking 11 drawings,

Powerplant Installation = Revise high pressure alcohol distri-
bution line bulkhead fittings as per Viking No. 11,

B. MANUFACTURE

Fabrication of the tail seotion and fins for Viking 10 was completed
and final assembly of the basic rocket was sccomplished without incident.
System ingtallations are now being made.
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Herein is a partiael 11st® of reoovered structural and equipment
oomponents that were found to be suitadle for installation in the redbuilt
rocket.

1) Nose and Porward Instrument Section - Delivered to Naval Re-
searoch Laboratory.

2) Propulsion System - The powerplant and all operational components
have been returned to Reaction Motors, Inc. All units suitable
for reclamation will be installed on the repaired powerplant.

3) Tail Seotion = To be replaced completely, with exoeption of ap-
proximtely 108 of the recovered deteil parts being reusable.

L4) Puel System - Exoept for the roplacement of one diffuser line
and four flexible hoges, this system will be reused in its
entirety.

5) Lox System - All components forwerd of the welded bulkhoad fit-
ting were salvaged., Everything aft of this point, ineluding
all small tubing will be replaced.

6) Gas System - The sphere has been pressure testod and is satis-
factory for reinstallation. All tubing will bo replaced,

7) Peroxide System - Both tanks will be reused. See lection II
for comprehensive information on micromotors.

8) Hydraulio System = Pump end roservoir are to bo reused. Re-
plaocement of the mocumulator and all tubing will be necessery. *

9) Eleotrical System - Completely replaced.
10) Instrumentation = All instrumentetion aft of the in-between tank

seotion will be replaced, along with all wiring and tudbing. This
inocludes the Govermment furnished commutators.

¢ Status of additional recovered components is presented in the following

065135 (Rev. 12.52)

sections of this report.
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Il., PROPULSICN

A. VIKING 10 PEROXIDE MOTORS

All of the Hp0, motors which had been installed on Viking 10 at the
times of the eborted flight firing were returned to GIM with the roocket.
These were subsejuently removed and subjected tc a functional test. rer=-
formance of the roll system motors was acoeptatle; however, when the
pitch/yaw units were cperated, a malfunction in the form of high pressure
surges was encountered. This anomaly resulted in damage of varying degrees
to all four motors. In the case of motor No. 35, the head of the unit
sctually ruptured (Fig. 1). The pitch/yaw motors which are looated in
the tail section of the rocket apparently had sustained oritical fire and
water damage when the tail section of the rocket explocded and burmed dur-
ing a scheduled flight operation on 30 June 1953 (GLM ER 6001)s This was
evidenced by the large quantities of oxidization found on the catalyst
soreen ends, when the motors were later opened.

B, POWERPLANT REPAIR

RMI powerplant No, 12 has been bench checked and released for in-
stallation in Viking 10 whioh is currently being rebuilt. This powerplant
is being used with the aforemsntioned rooket since its original powerplant
(No. 10)cannot be repaired in sufficient time tc meet present delivery
schedules,

A repeir oontreot for the damaged engine was let to Reaction Motors,
Inc. on 1 November 1953. Delivery will be made in April 1954 and this
powerplant will be installed in Viking No. 1L (Vikings 11 through 1L are
currently being designed and manufactured under Navy Contraot Nonr-8L7(00).

Ce MAIN TANKS

The liquid oxygen and alcchol tanks for Viking No. 10 were recondi-
tioned and pressure tested prior to their release to manufaoturing for
final assembly. Some diffioulty was encountered during the cleansing
of the aloohol tank when evidence of ocontamination was found in the for=-
ward end of the tank, Conoentrated sorubbing with added detergent was
required before the oondition was rectified,
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111, ABRODYNAMICS

Fin alignment on rebuilt Viking Noe. 10 was completed during this
report period. Of the original fins on this rooket only two ocould be
salvaged for reuse. The SE fin was retwned to Viking 10 end the NB fin
was installed on Viking 11. The latter installation was made in order
to faocilitate manufecturing sohedules., The NW and SW fins were damaged
beyond repair and were therefore rejeocted as unusable,

The repair of Viking No. 10 when complete will include a ocontrol
system whioh has been designed for Viking No. 11, under Navy Contreot
Nonr-8L7(00). A theoretioal analysis of this system (Seotion IV) shows
the roclet's oontrol and response to be better than that obtained with
the system used in Viking Noe. 10, Provided no further changes are made
in the present system, it is oonoluded that no alteration will be neces-
sary to the existing Viking No. 10 ground ocommand oontrol oharts.
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IV. CONTROLS

A. VIKING NO. 10 CONTROLS COMPORENTS

Following the return of all reoovered Viking No. 10 flight compone
ents, a salvage evaluation was made of each item for the purpose of de-
termining its possible reuse. With exoeption of the forward ocontrols can,
gyros,and related oonneotors, all oontrols units whioh had been reoove.ad
from the rocket had to bo written off as "not repairable". This inoluded
the spools and valve blooks which were salvaged from the servo packages
for possible reolamation,

B. VIKING NO. 10 CONTROL SYSTEM

When repair of the demaged rooket was first proposed, a ocomparison
of the Viking No. 10 oontrol system and the improved system to be installed
in Viking No. 11 was made, As & result of this study it was deoided to
rebuild the damaged roocket using the latter system. Reasons for this oone
clusion weret

1)  Although flight performanoe of the pitch/yaw oontrol system had
been proven, consideradble diffioulty was always enoountered in
obtaining a satisfaotory performance with the type transfer valve
employed in the Viking No. 10 system. Use of a Type 907 Moog
valve in the Viking No. 11 design is also oonsidered to offer
a definite improvement in set-up time, performanoce, and reli-
ability. The operating charaoteristios and adjustments of re-
lated eleotronio oomponents likewise represent a oonsiderable
improvement over the older design.

2) Performance of the HEy0p jet motor oontrol system as well as the
asrodynamio roll tadb oontrol system had been improved in the
Viking 11-l4 design and is better established through a series
of dynamio mock-up tests. Since the older systems oould not be
oonsidered as satisfaotorily flight proven it was desirable that

the oontrol system of the rebuilt rooket inoorporate these new
features,

C. CONTRQLS CAN

Following a deoision to rebuild the tail section for Viking No. 10,
a spare No., 10 main oontrols oan was rewired internally to oonform with
the No. 11 main oan oircuitry. With the exoeption of changes required
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by the addition of peroxide jet motor control slave relays and a physioal
separetion of the two roll valves, the wiring of Viking lio. 10 remained
basioally unchanged. At present both recovered forward oontrols oans and
their chassis have been reconditioned and inspected. The rewired main
ocoutrols oan has been inspected and checked out operationally.

D. GROUND EQUIPMENT

During this period the portable terminal oart and the controls
firing panel were oampletely rewired and in some cases the oomponents
were repaokaged. 7This equipment has been made ocompatible for the faotory
oheckout of Viking No. 10 as well as the Viking 11-1ll series.

6164
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Ve STRUCTURRS

A. GIMBAL RING PINS

As a result of the fajilure of two gimbal ring pins during the ate
tempted flight and explosion of Viking No. 10, it was considered necessary
to verify the wltimate strength of these pins relative to other components
in the powerplant system subjected to the explosion. To acocampligh this,
destruotion tests were made on four pins using a test fixtwe. Pins, bushe
ings, and bearings from existing stook were used in the tests. The follow-
ing results were obtained:

Underout Dia. Ult. load Time to Ult.

Pin No. ( Inches) Lbs./Pin Load (Secs,)
1 69L7 27,000 245
2 6907 25,900 2.5
i 9T 25,100 3.0
«931 28,800 245

Limit Load = 12,000 lbs./pin

An effort was made to apply the load at the maximum rete in order
to simulate the thrust buildup time of the roolet engine., Maximum pin
overhang (bushing to bearing) of 0.7 inches was used in all osses. Failure
oocourred at the undercut diameter from bending snd shear. The pin bent
before failure to an angle of approximetely 5 degrees.

The ultimate strength of the weakest pin heing 13,100 pounds greater
than limit load, or corresponding to a rooket thrust of 50,200 pounds,
it 1s felt that the design of the gimbal ring pins is adequate, parti-
oularly when ocorpared to the strength of the rooket motor.

Beoause the pin material (SAE L140) is relatively insensitive to
even high velocity impact loads, it is believed that the pin failure in
Viking Nos 10 resulted from exocessive pressure within the roocket chamber.

B. VIKING FO. 10 ALCCHOL TANK

Subsequent to the customsr's deoision to re-fly ship number 10, a
proof test of the aloochol tank was conduwted.s The tank was subjeoted to
various pressures and end loads that simulate flight loads during ascent
(Refe JIM BR 5092). Tis test was cansidered necessary to verify tank
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strength following a partial buckling of the shell from external pres-
sure. This extermal pressure occurred when aloochol oontinued to drain
after the tank vents were closed, following the explosion in the tail
section of the rocket. The pressure was finally relieved by putting a
bullet hole in the upper section of the tank by means of rifle fire. The
proof test of the tank was accomplished without incident and the tank has
been used in repairing Viking No. 10.
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Vi, INSTRUMENTATION

An advance oopy of the instrumentation letter for changes to Viking
No. 10 installations has been received from KRL. Changes in the mioro~-
wave experiment betwesn the main propellant tanks, involving addition of
a waveguide between stations 130 and 386 and elimination of coaxial power
cables, and deletion of the base pressure piokup and strain gage instale
lation are among the major revisions.

The wiring diagram which was released is very simlar to the original
drawing for Viking No. 10, but the diagram was separeted from the master
wiring diagram and assigned a new number (260-1050001).

Two additional pressure pickups are being used on the rebuilt rooket
for measuremnent of aloohol and oxygen pump discharge presgsures.

Fin temperature measurements have been reduced to seven gages on
two fins (SE and RE) as shown on GlM drawing 260-0000093., One of the
original fins (SE) is to be used again; two (NW and SW) were oonstruoted
without gages before the decision tr rebuild was made and the seoond gage
installation was made in a new fin,

MODEL RTVeNe)l2a
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VII. FIELD OPERATIONS

A. FIELD CREW

With the oconolusion of operations in connesction with the abortive
flight attempt of Viking No. 10, all oontractor field personnel were
returned to GLM, Baltimore. It is ourrently plarmmed to support future
operations with Contractor's field personnel being made savailable on
temporary assignment as required by the rooket firing sohedule.

B. WEIGHING DEVICE

The Baldwin SR-li load cells have been removed from the launch stand
weighing device and returned to the manufacturer to be reconditioned and
oalibrated. It is expeoted the units will be returned to the test site
not later than 1 Fedbruary 1954,
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